The nutritional quality of commercial defatted soybean meal (SBM) as a protein source was evaluated by determining apparent digestibility, PER, NPU, and BV. Two experiments were conducted using rainbow trout and carp with initial weights of 4.0 and 3.2g, respectively. They were fed diets containing SBM as the sole protein source at different protein levels from 0 to 75% for 20 days.
From an economical point of view, plant protein is usually cheaper than quality fish meal protein.
Of the various plant proteins, defatted soybean meal (SBM) is one of the most promising re placements for part or all of fish meal protein. SBM as a protein supplement has been used widely in fish feed, 1-6) since it has a better amino acid profile than other plant protein meal in order to meet the requirements of fish. How ever, data are lacking on the nutritional quality of SBM protein in terms of net protein utilzation (NPU) or biological value (BV) in each fish species due to the difficulties in determining metabolic fecal and endogenous nitrogen separate ly.
The present study was conducted to evaluate the quality of protein in a commercial SBM for rainbow trout Oncorhynchus mykiss and carp Cyprinus carpio by determining apparent digest ibility, protein efficiency ratio (PER), NPU, and BV.
Protein utilization efficiency was determined using diets containing SBM as the sole protein source at several levels. This enabled the de termination of the influence of dietary protein levels on protein utilization efficiency in terms of growth, feed efficiency, PER, NPU, and BV.
Materials and Methods
The proximate composition of SBM and the amino acid content of SBM protein are shown in Table 1 . The protein content of SBM used in this study was 46%. Although of the various plant protein sources SBM is considered to have a better amino acid profile, it is clearly deficient in methionine and phenylalanine (Table 1) . However, on account of the sparing effect of ty rosine on phenylalanine, this amino acid is not deficient in SBM. Two feeding experiments were conducted with rainbow trout and carp. SBM was used as the sole protein source at different dietary protein levels of 5, 11, 20, 27 , and 33%. A non-protein diet was provided to determine NPU. All the diets were prepared to contain a sufficient amount of digestible energy (DE) in order to give efficient protein utilization. Chromic oxide (Cr2O3) was added to the diets for determination of nutrient digestibility. The same diets were used for both rainbow trout and carp. The composition of the experimental diets and their analytical data are presented in Table 2 .
Prior to the experiment, both rainbow trout and carp were acclimatized in the tanks for 2 The growth response of rainbow trout and carp fed with the SBM diets is shown in Table 3 .
Rainbow trout: The palatability and accept ability of the SBM diets were slightly lower than ordinary diets with fish meal and other animal protein sources used in a previous experiment,7) and were hardly affected by the SBM levels. Feed consumption ranged from 2.8 % in the 75% SBM diet to 3.6% in the 23% SBM diet, and was not clearly related to dietary protein levels. The growth rate was generally low in all the groups and did not vary markedly at dietary protein ranges of 11 to 33%, while feed efficiency was lower in fish fed with the 11% diet. This could be attributed to a higher feed intake by the group. The weight of fish on the 5.4% protein diet remain ed almost constant from the initial stage through out the 20 days of feeding. This was due to the lower protein and energy intake of this group compared to the other groups, except the non protein diet group. Similarly, Nose10) obtained very poor growth of rainbow trout fingerlings fed with diets containing 0-65% SBM as their sole protein source. In his experiment almost all the fish fed with the SBM diet regardless of protein levels showed decreased body weight, as against the increased weight gain in this study. The total feed consumption in terms of protein and energy intake was much higher in our ex periment. Besides, the differences of water temperature, fish size, and quality of SBM between the two experiments might be some of the factors affecting the growth performance.
The poor growth rate obtained from feeding with SBM could be attributed to a deficiency in some es sential amino acids (EAA), mostly methionine, as shown in Table 1 . An improvement in growth performances in rainbow trout on supplementa tion of methionine to SBM diets has been reported by many workers, 11,12) although Andrews and Page13) observed that poor growth by young catfish fed with diets containing SBM was not improved by dietary supplements of methionine, cystine, or lysine.
Fish fed with the non-protein diet lost their body weight and body nitrogen. The average body nitrogen loss of the fish was 6.8mg per 100g body weight per day, which is within the range of values (6.2-12.9, 8.9mg on average) determined with rainbow trout using the protein-free diet by Ogino et al.14) The value of about 24mg was reported by Nose10) in the above experiment. Table 3 . Growth rate, feed efficiency, feed consumption, and daily digestible energy (DE) intake of rainbow trout and carp fed diets with different levels of soybean meal Carp: They seemed to become accustomed to SBM diets quite easily, as testified by their higher feed consumption than rainbow trout ( Table 3) . The higher protein and digestible energy (DE) intake resulted in improved growth performances for each protein level in comparison with rainbow trout. The growth and feed efficiency were almost proportional to dietary protein levels, although the growth was slightly reduced in fish fed with the highest protein diet. The feed performances in carp were rather better than in rainbow trout, but inferior to those on fish meal based diets.15) This could also be attributable to the methionine deficiency in the SBM diet. [16] [17] [18] [19] [20] [21] The body nitrogen loss of carp fed with the zero protein diet was found to be about 5.8mg per 100g body weight per day, which is lower than the values of 14mg for carp and 10.5 mg for tilapia, both obtained from feeding with non-protein diets by Ogino et al.14) and Jauncey,22) respectively. One of the reasons for the difference might be attributed to the difference in dietary energy levels. The non-protein diet used in the present study contained about 25% lipid and consequent ly a high gross energy of 464.1 kcal/100g diet as against 8-10% lipid in their protein-free diets. Total DE intake may affect the body nitrogen loss of fish on a protein-free diet.
Apparent digestibility of dietary protein, lipid and energy at different protein levels is shown in Table 4 . The protein digestibilities were not affected by dietary protein levels as usual and ranged from 91 to 94% in rainbow trout and 89 to 95% in carp. These values were close to those (83-91%) reported by Nose10) in rainbow trout. Grabner and Hofer23) reported about 93% for both species. Similarly, the value of 95% was obtained in carp by Ogino and Chen.24) Some researchers, however, showed that SBM was poorly digested by young rainbow trout and plaice.25.26) The protein digestibility was slightly reduced in the lowest protein diet groups of both rainbow trout and carp. This was probably due to the effect of metabolic fecal nitrogen.24) The digestibility of lipid was high in both species, and therefore was not affected by dietary SBM levels. Even though the same experimental diets were used for both species, the energy di gestibility was slightly higher in carp, probably due to higher carbohydrate utilization ability of carp.
The nutritional values of dietary SBM protein evaluated by PER, NPU, and BV are shown in Table 4 . In both rainbow trout and carp these parameters were inversely proportional to dietary protein levels, as already observed in the previous experiment.7,15) Similar relation ships have also been reported by other work ers.22.27-30) The PER value ranged from 1 .75 for the highest protein group to 4.53 for the lowest protein group in rainbow trout , and similarly from 2.22 to 4.61 in carp. The NPU value ranged from 27 to 42 in rainbow trout and 32 to 42 in carp. A similar value of 32 was reported by Viola et al.4) in carp fed with SBM diets (25% protein) supplemented with poultry oil and lysine. Nose10) also obtained the value of 33 in rainbow trout fed with a diet using SBM as its sole protein source at a 29% protein level.
The NPU values were not markedly improved at lower protein intakes in either species . This can be ascribed to a EAA-like methionine in SBM. Able et al.5) considerably improved the nutritional quality of soybean protein by the sup However, the values at dietary protein levels of more than 20% were similar to those obtained by Nose10) for rainbow trout. These quality parameters for SBM protein obtained in this experiment were roughly in the same order between the two species, although the absolute values were slightly higher for carp fed on higher energy density diets ( Table 1) .
The relationship between nitrogen intake and nitrogen retention calculated on the basis of NPU is shown in Fig 1. The body nitrogen increased in proportion to nitrogen intake in both species when they ingested more than 16-18mg nitrogen per 100g body weight per day. The amount of nitrogen retained was of course higher in carp due to the higher nitrogen intake. In the former experiments the NPU value of white fish meal was about 51 for rainbow trout7) and about 45 for carp15) at 32% protein in the diet. When compared with the values of SBM protein at about 33% protein in the present study, the quality of SBM protein was about 54% of the fish meal protein for tainbow trout and 73% for carp. The whole body composition of the experi mental fish is shown in Table 5 . The body protein level was not greatly influenced by in creasing levels of dietary protein in either rainbow trout or carp. The lipid content increased in fish fed with higher lipid diets, inversely reflecting the moisture content as already observed in the previous experiments. 22.31.32) The results of the present study will provide some basic information on the nutritional quality of SBM protein for rainbow trout and carp. The SBM was reasonably palatable and acceptable and its protein was highly digestible for both rainbow trout and carp. Their NPU was about 54 and 73% of fish meal protein in the former and latter species, respectively. The single use of SBM as a dietary protein source requires some EAA supplements in order to improve the nutri tional quality of SBM as already reported by many investigators.4, 1l, 33) However, for econ mically efficient utilization, SBM should be combined with other protein ingredients such as corn gluten meal to compensate for the EAA deficiency of each ingredient and improve the EAA profile of SBM diets as already verified in the former experiments in which SBM in combination with corn gluten meal and meat meal was effectively able to replace more than 50% of fish meal in diets for rainbow trout, *l carp, *2 red seabream, *3 and yellowtail. *4
